(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



01) EP 0 967 668 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

29.12.1999 Bulletin 1999/52 

(21) Application number: 99305038.4 

(22) Date of filing: 25.06.1999 



(51) mtci e H01L 51/20 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
NIC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 26.06.1998 JP 19672798 
23.07.1998 JP 22359298 
19.10.1998 JP 31539498 

(71) Applicant: TDK Corporation 
Chuo-ku, Tokyo 103-8272 (JP) 



(72) Inventors: 

• Aral, Michio 
Tokyo, 103-8272 (JP) 

• Kobori t lsamu 
Tokyo, 103-8272 (JP) 

• Mitsuhashi, Etsuo 
Tokyo, 103-8272 (JP) 

(74) Representative: Wise, Stephen James et al 
c/o RAWORTH, MOSS & COOK, 
Raworth House, 
36 Sydenham Road 
Croydon, Surrey CR0 2EF (GB) 



(54) Organic electroluminescent device 

(57) An organic EL device has a hole injecting elec- 
trode, an electron injecting electrode, at least one or- 
ganic layer between the electrodes, and an inorganic 
insulating hole injecting and transporting layer between 
the hole injecting electrode and the organic layer The 
inorganic insulating hole injecting and transporting layer 
contains silicon oxide and/or germanium oxide as a 
main component, the main component being represent- 



ed by (Si^GeJOy wherein 0 ^ x ^ 1 and 1.8 ^ y ^ 
2.5, and further contains 0.01 to 2% by weight of at least 
one element selected from among Ar, Kr, Xe, and Ne. 
The device has the advantages of both organic and in- 
organic materials, a long lifetime, improved efficiency, 
low operating voltage, and low cost, and can provide a 
high luminance of light emission when applied to dis- 
plays of the time-division driving mode, and realize large 
screen, high definition displays. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 
Technical Field 

[0001] This invention relates to an organic electrolu- 
minescent (EL) device and more particularly, to an inor- 
ganic/organic junction structure suitable for use in a de- 
vice of the type wherein an electric field is applied to a 
thin film of an organic compound to emit light. 

Background Art 

[0002] In general, organic EL devices have a basic 
configuration including a glass substrate, a transparent 
electrode of ITO etc. , a hole transporting layer of an or- 
ganic amine compound, a light emitting layer of an or- 
ganic material exhibiting electronic conductivity and in- 
tense light emission such as Alq3, and an electrode of 
a metal having a low work function such as MgAg, 
wherein the layers are stacked on the substrate. 
[0003] The device configurations which have been re- 
ported thus far have one or more organic compound lay- 
ers interposed between a hole injecting electrode and 
an electron injecting electrode. Structures having two or 
three organic compound layers are typical. 
[0004] Included in the two-layer structure are a struc- 
ture having a hole transporting layer and a light emitting 
layer formed between the hole injecting electrode and 
the electron injecting electrode and another structure 
having a light emitting layer and an electron transporting 
layer formed between the hole injecting electrode and 
the electron injecting electrode. Included in the three- 
layer structure is a structure having a hole transporting 
layer, a light emitting layer, and an electron transporting 
layer formed between the hole injecting electrode and 
the electron injecting electrode. Also known is a one- 
layer structure wherein a single layer playing all the roles 
is formed from a polymer or a mixed system. 
[0005] FIGS. 3 and 4 illustrate typical configurations 
of organic EL devices. 

[0006] In FIG. 3, a hole transporting layer 14 and a 
light emitting layer 15, both of organic compounds, are 
formed between a hole injecting electrode 12 and an 
electron injecting electrode 1 3 on a substrate 11 In this 
configuration, the light emitting layer 15 also serves as 
an electron transporting layer. 

[0007] In FIG. 4, a hole transporting layer 14. a light 
emitting layer 15, and an electron transporting layer 16, 
all of organic compounds, are formed between a hole 
injecting electrode 12 and an electron injecting elec- 
trode 1 3 on a substrate 11 . 

[0008] Reliability is a common problem to be solved 
for these organic EL devices. More particularly, organic 
EL devices in principle have a hole injecting electrode 
and an electron injecting electrode and need organic 
layers for effectively injecting and transporting holes and 



electrons from the electrodes, respectively. However, 
the organic materials of which the organic layers are 
formed are vulnerable during manufacture and have 
less affinity to the electrodes. Another problem is raised 

5 by the significantly accelerated degradation of organic 
thin films as compared with LED and LD. 
[0009] Also, most organic materials are relatively ex- 
pensive. Any partial replacement of constituent films by 
an inexpensive inorganic material would give an eco- 

10 nomical merit in the manufacture of cost effective organ- 
ic EL device-applied products. 

[0010] There is also a desire to have an organic EL 
device having a further improved light emission efficien- 
cy, a low drive voltage and a minimal current consump- 
15 Won. 

[0011] To solve this and other problems, a means for 
taking advantage of both an organic material and an in- 
organic semiconductor material has been devised. That 
is, an organic/inorganic semiconductor junction is es- 
20 tablished by substituting an inorganic p-type semicon- 
ductor for the organic hole transporting layer. These ef- 
forts are found in Japanese Patent No. 2636341 , JP-A 
139893/1990, 207488/1990, and 119973/1994. Howev- 
er, it was impossible to design EL devices or cells which 
25 are superior in light emission properties and reliability 
to prior art organic EL devices. 
[0012] In particular, display apparatus in which a plu- 
rality of organic EL devices are arranged in a matrix of- 
ten adopt the time-division drive mode. However, upon 
30 driving in the time-division drive mode, the luminance of 
light emission per pixel becomes relatively lower with 
the increasing number of time-division. Therefore, when 
displays having a number of pixels and a relatively large 
area or high -definition displays are driven in the time- 
rs division mode, it becomes difficult to maintain a lumi- 
nance necessary as a display screen or to carry out mul- 
ti-gradation control, failing to provide displays of high im- 
age quality. 

40 SUMMARY OF THE INVENTION 

[001 3] An object of the present invention is to provide 
an organic EL device which can take advantage of both 
an organic material and an inorganic material, and has 
45 an extended effective life, an improved efficiency, a low 
drive voltage and a low cost. 

[0014] Another object of the present invention is to 
provide an organic EL device which can provide a high 
luminance of light emission when applied to displays of 
so the time-division drive mode and realize a large screen, 
high definition display. 

[001 5] Japanese Patent No. 2793383 discloses an or- 
ganic EL device comprising an insulating metal oxide 
layer having an energy gap of at least 4.0 eV between 
ss a light emitting layer and a cathode. However, th is insu- 
lating layer is formed between the negative electrode 
and the light emitting layer and thus differs from the hole 
injecting and transporting layer which is formed between 
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the hole injecting electrode and the light emitting layer. 
Also, the materials examined in Examples are only MgO 
and BaO. In the prior art section of this patent, it is de- 
scribed to form an Si0 2 layer on the ITO electrode as 
the insulating layer. However, it is pointed out in the pat- s 
ent that when the Si0 2 layer is formed by sputtering or 
similar methods, there occur the malign influences that 
the organic substance can be melted and crystallized 
so that its function is deteriorated, and sputtering parti- 
cles attack the organic substance and alter the interface 10 
so that its electron or hole injecting property is lost. 
[001 6] JP- A 37883/1 986 which is cited as the prior art 
reference in the above -referred patent describes an 
electroluminescent device comprising two electrode 
layers at least one of which is transparent, two light emit- is 
ting layers formed between the two electrode layers, 
and a transparent or translucent electrode formed be- 
tween the two light emitting layers wherein either one of 
the two light emitting layers is a monomolecular film of 
an organic compound or a layer of stacked monomo- 20 
lecular films. Also described therein as a third layer is 
an insulating layer having the f unctions of enhancing the 
insulation of capacitor structure and confining electron 
transfer within the necessary minimum area to achieve 
light emission by efficient exchange of electrons. The 2s 
thickness of this layer is up to 500 angstroms, preferably 
up to 200 angstroms. It is described in the Example of 
forming the light emitting layer No. 1 7 that an Si0 2 layer 
of 1,000 angstroms thick is formed on ITO as the insu- 
lating layer However, the electroluminescent device de- 30 
scribed in this reference is designed for ac driving. Con- 
sequently, no reference is made to the function of the 
insulating layer as a hole injecting layer for positively 
injecting holes in the dc or pulse drive mode. 
[001 7] JP- A 288069/1 996 describes an organic elec- as 
troluminescent device comprising an organic layer con- 
taining at least a light emitting layer formed between a 
hole injecting electrode and an electron injecting elec- 
trode, wherein an insulating thin film layer is formed be- 
tween either one of the above-described electrodes and 40 
the organic layer. Preferably, a nitride, more preferably 
aluminum nitride or tantalum nitride is used as the ma- 
terial of which the insulating thin film layer is made. As 
the material of the insulating thin film layer, GeO, Ge0 2 , 
SiO, and Si0 2 are described. The thickness of this in- 45 
sulating thin film is referred to only in Examples where 
the thickness is always 50 angstroms. However, it is 
clearly seen from the above description that the pre- 
ferred materials of the insulating thin film are nitrides^ 
but not silicon oxide and germanium oxide. This insulat- so 
ing thin film layer plays the role of a buffer layer, while 
no reference is made to its hole injection and electron 
blocking functions. 

[0018] Also, none of these patents describe that the 
sputtering gas such as argon, krypton, or xenon is intro- ss 
duced into the film being formed, and the content of 
sputtering gas is described nowhere. 
[001 9] The above objects are achieved by the present 



invention that is defined bebw. 

(1) An organic electroluminescent device compris- 
ing a hole injecting electrode, an electron injecting 
electrode, at least one organic layer between the 
electrodes, and an inorganic insulating hole inject- 
ing and transporting layer between said hole inject- 
ing electrode and said organic layer, wherein 

said inorganic insulating hole injecting and 
transporting layer contains silicon oxide and/or ger- 
manium oxide as a main component, the main com- 
ponent being represented by the formula: 

( Si i. x Ge x )O y 

wherein 0 < x < 1 and 1 .8 < y < 2.5, and further 
contains 0.01 to 2% by weight of at least one ele- 
ment selected from the group consisting of argon, 
krypton, xenon, and neon. 

(2) The organic electroluminescent device of (1) 
wherein said inorganic insulating hole injecting and 
transporting layer has a thickness of 0.1 to 3 nm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a schematic cross-sectional view il- 
lustrating the configuration of an organic EL device ac- 
cording to one embodiment of the invention. 
[0021] FIG. 2 is a schematic cross-sectional view il- 
lustrating the configuration of an organic EL device ac- 
cording to another embodiment of the invention. 
[0022] FIG. 3 is a schematic cross-sectional view il- 
lustrating an organic EL device of the two-layer structure 
having a hole transporting layer. 
[0023] FIG. 4 is a schematic cross-sectional view il- 
lustrating an organic EL device of the three-layer struc- 
ture having a hole transporting layer and an electron 
transporting layer. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0024] The organic EL device of the invention has a 
hole injecting electrode and an electron injecting elec- 
trode on a substrate, and an organic layer participating 
in at least light emissbn between the electrodes. An in- 
organic insulating hole injecting and transporting layer 
is disposed between the hole injecting electrode and the 
organic layer. The hole injecting layer contains silicon 
oxide and/or germanium oxide, the oxide being repre- 
sented by the formula: 



< Si 1-x G *x>O y 

wherein 0 ^ x ^ 1 and 1.8 < y < 2.5, and further con- 
tains 0.01 to 2% by weight of at least one element se- 
lected from among Ar, Kr, Xe, and Ne. 
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[0025] Controlling the oxide as the main component 
of the inorganic insulating hole injecting and transport- 
ing layer so as to fall within the above-defined compo- 
sition range allows effective injection of holes from the 
hole injecting electrode to the organic layer on the light 
emitting layer side and additionally, restrains migration 
of electrons from the organic layer to the hole injecting 
electrode, ensuring effective recombination of holes and 
electrons in the light emitting layer Since hole injection 
and transportation is intended, no light emission occurs 
with a reverse bias voltage applied. The organic EL de- 
vice of the invention is effectively applicable to displays 
of the time-division drive mode in which a high lumi- 
nance of light emission is required and has both the ad- 
vantages of inorganic material and the advantages of 
organic material. The organic EL device of the invention 
produces a luminance comparable to those of prior art 
devices having an organic hole injecting layer. Owing to 
high heat resistance and weather resistance, the organ- 
ic EL device of the invention has a longer service life 
than the prior art devices and develops minimal leaks 
and dark spots. The use of an inexpensive, readily avail- 
able inorganic material rather than relatively expensive 
organic materials offers the advantages of easy manu- 
facture and a reduced manufacture cost. 
[0026] It suffices that y representative of the oxygen 
content falls within the above-defined composition 
range, that is, y is at least 1 .8 and up to 2.5. If y is outside 
this range, the layer has a reduced hole injecting capa- 
bility, leading to a drop of luminance. Preferably y is up 
to 2.4, more preferably up to 2.3, and especially up to 
2.4. At the same time, y is preferably at least 2.01 , more 
preferably at least 2.02, and especially at least 2.05. 
[0027] The inorganic insulating hole injecting and 
transporting layer may be a thin film of silicon oxide or 
germanium oxide or a mixture of silicon oxide and ger- 
manium oxide. Symbol x representative of the germani- 
um to silicon ratio is 0 ^ x s 1 . Preferably x is up to 0.4, 
more preferably up to 0.3, especially up to 0.2. 
[0028] Alternatively, x is preferably at least 0.6, more 
preferably at least 0.7, especially at least 0.8. 
[0029] Whether the value of x is more than or less than 
0.5 may be determined in accordance with the construc- 
tion of the device, the compatibility with the organic lay- 
er, and other factors, so as to provide the optimum com- 
position. 

[0030] As long as the overall hole injecting layer has 
the above-described composition on the average, the 
hole injecting layer need not be uniform in composition 
and may be of a structure having a graded concentration 
in a thickness direction. 

[0031] The inorganic insulating hole injecting and 
transporting layer further contains 0.01 to 2% by weight, 
preferably 0.05 to 1 . 5% by weight of at least one element 
selected from among argon, krypton, xenon, and neon. 
These elements may be contained alone or in admixture 
of two or more. The mixture of two or more elements 
may have an arbitrary mix ratio. 



[0032] These elements are used as the sputtering gas 
and thus introduced into the inorganic insulating hole in- 
jecting and transporting layer during its formation. If the 
content of these elements is too high, the trapping ca- 
5 pability becomes extremely low and the desired per- 
formance is lost. 

[0033] The content of the sputtering gas is determined 
by the pressure, the flow rate ratio of sputtering gas to 
oxygen, deposition rate, and other factors during lilm 
10 formation, especially the pressure during film formation. 
In order that the content of the sputtering gas fall within 
the above-described range ; it is preferred to effect film 
deposition in higher vacuum, specifically in a vacuum of 
1 Pa or lower, especially 0.1 to 1 Pa. 
is [0034] The inorganic insulating hole injecting and 
transporting layer is normally amorphous. 
[0035] The thickness of the inorganic insulating hole 
injecting and transporting layer is preferably about 0.1 
nm to about 3 nm, more preferably about 0. 3 nm to about 
20 0.9 nm. Hole injection would become insufficient when 
the thickness of the inorganic insulating hole injecting 
and transporting layer is outside the range. 
[0036] Methods for preparing the inorganic insulating 
hole injecting and transporting layer include various 
25 physical and chemical thin film forming methods such 
as sputtering and electron beam (EB) vapor deposition, 
with the sputtering being preferred. 
[0037] When the inorganic insulating hole injecting 
and transporting layer is formed by sputtering, the sput- 
30 tering gas is preferably under a pressure of 0.1 to 1 Pa 
during sputtering. The sputtering gas may be any of inert 
gases used in conventional sputtering equipment, for 
example, Ar, Ne, Xe. and Kr. Nitrogen (N 2 ) gas and hy- 
drogen (H 2 ) gas may be used if necessary. Reactive 
35 sputtering may be carried out in an atmosphere of the 
sputtering gas mixed with about 1 to about 99% of oxy- 
gen (0 2 ) gas. The target used herein is the above-de- 
scribed oxide or oxides, and either single source or mul- 
tiple source sputtering may be carried out. 
40 [0038] The sputtering process may be an RF sputter- 
ing process using an RF power source or a DC reactive 
sputtering process, with the former being especially pre- 
ferred. The power of the sputtering equipment is prefer- 
ably in the range of 0.1 to 10 W/cm 2 for RF sputtering. 
45 The deposition rate is in the range of 0. 1 to 50 nm/min. , 
preferably 0.5 to 10 nm/min., more preferably 1 to 10 
nm/min., and especially 1 to 5 nm/min. The temperature 
of the substrate during deposition is from room temper- 
ature (25°C) to about 150°C. 
so [0039] The organic EL device of the invention may 
have, as shown in FIG. 1 , the successively stacked con- 
figuration of substrate 1/hole injecting electrode 2/inor- 
ganic insulating hole injecting and transporting layer 
3/light emitting layer 4/electron injecting electrode 6. An- 
55 other possible configuration is, as shown in FIG. 2, the 
configuration of substrate 1/hole injecting electrode 2/in- 
organic insulating hole injecting and transporting layer 
3/light emitting layer 4/electron injecting layer 5/electron 



RNROOCID: <EP „0967668A2J_> 



7 



EP0 967 668 A2 



8 



injecting electrode (negative electrode) 6. Moreover, re- 
versely stacked configurations obtained by reversing 
the order of stacking are also acceptable. The reversely 
stacked configuration helps light emerge from the side 
of the assembly opposite to the substrate. In the re- s 
versely stacked configuration, however, when the inor- 
ganic insulating hole injecting and transporting layer is 
deposited, the organic layer and other layer (if any) can 
be subjected to ashing and hence, damaged. It is thus 
recommended that the hole injecting layer is initially 10 
thinly deposited in the absence of oxygen and then 
thickly in the presence of oxygen. The thickness 
reached in the absence of oxygen is preferably about 
1/5 to about 1/2 of the final thickness. In FIGS. 1 and 2, 
adrive power supply E is connected between the hole is 
injecting electrode 2 and the electron injecting electrode 
6. It is understood that the light emitting layer 4 is a light 
emitting layer of broader definition including a hole 
transporting layer, a light emitting layer of narrower def- 
inition, an electron transporting layer, a mix layer there- 20 
of, and so on. 

[0040] The device of the invention may have a multi- 
stage configuration of electrode layer/inorganic layer 
(inorganic insulating hole injecting layer) and light emit- 
ting layer/electrode layer/inorganic layer and light emit- 25 
ting layer/electrode layer/inorganic layer and light emit- 
ting layer/electrode layer, or further repeated layers. 
Such a multi-stage configuration is effective for adjust- 
ing or multiplying the color of emitted light. 
[0041] For the hole injecting electrode, materials ca- 30 
pable of effectively injecting holes into the hole injecting 
layer are preferred. Useful are compositions based on 
tin-doped indium oxide (ITO), zinc-doped indium oxide 
(IZO), indium oxide (ln 2 0 3 ), tin oxide (Sn0 2 ) or zinc ox- 
ide (ZnO). These oxides may deviate more or less from 35 
their stoichiometric compositions. For ITO, an appropri- 
ate proportion of Sn0 2 mixed with ln 2 0 3 is about 1 to 
20%, more preferably about 5 to 12% by weight. For 
IZO, an appropriate proportion of ZnO mixed with ln 2 0 3 
is about 12 to 32% by weight. The hole injecting elec- *o 
trode may further contain silicon oxide (Si0 2 ). The con- 
tent of silicon oxide (Si0 2 ) is preferably about 0.5 to 10% 
as expressed in mol percent of Si0 2 based on ITO. 
[0042] The electrode on the light exit side should pref- 
erably have a light transmittance of at least 50%, more 45 
preferably at least 60%, further preferably at least 80%, 
especially at least 90% in the light emission band : typi- 
cally from 400 to 700 nm, and especially at each light 
emission. With a lower transmittance, the light emitted 
by the light emitting layer is attenuated through the elec- so 
trode, failing to provide a luminance necessary as a light 
emitting device. It is noted that the light transmittance 
of the electrode is sometimes intentionally set low for 
the purpose of increasing the contrast ratio for improving 
visual perception. 55 
[0043] Preferably the electrode has a thickness of 50 
to 500 nm, especially 50 to 300 nm. Although the upper 
limit of the electrode thickness is not critical, a too thick 



electrode would cause a drop of transmittance and sep- 
aration. Too thin an electrode is insufficient for its effect 
and low in film strength during fabrication. 
[0044] The electron injecting electrode is preferably 
formed from materials having a low work function, for 
example, metal elements such as K, Li, Na, Mg, La, Ce, 
Ca, Sr, Ba, Al, Ag, In, Sn, Zn, and Zr and binary or ter- 
nary alloys made of two or three such metal elements 
for stability improvement. Exemplary alloys are Ag-Mg 
(Ag: 0.1 to 50 at%), Al-Li (Li; 0.01 to 14 at%, especially 
0.01 to 12 at%), In-Mg (Mg: 50 to 80 at%), and Al-Ca 
(Ca: 0.01 to 20 at%). A thin film of such a material or a 
multilayer film of two or more materials may be used as 
the electron injecting electrode layer. 
[0045] The electron injecting electrode thin film may 
have at least a sufficient thickness to effect electron in- 
jection, for example, a thickness of at least 0. 1 nm, pref- 
erably at least 0.2 nm, more preferably at least 0.5 nm, 
especially at least 1 nm. Although the upper limit is not 
critical, the electrode thickness is typically about 1 to 
about 500 nm. On the electron injecting electrode, an 
auxiliary or protective electrode may be provided. 
[0046] The auxiliary electrode may have at least a suf- 
ficient thickness to ensure efficient electron injection 
and prevent the ingress of moisture, oxygen and organic 
solvents, for example, a thickness of at least 50 nm, 
preferably at least 100 nm, more preferably 100 to 500 
nm, A too thin auxiliary electrode layer would exert its 
effect little, lose a step coverage capability, and provide 
insufficient connection to a terminal electrode. If too 
thick, greater stresses are generated in the auxiliary 
electrode layer, accelerating the growth rate of dark 
spots. 

[0047] For the auxiliary electrode, an appropriate ma- 
terial may be chosen in consideration of the material of 
the electron injecting electrode to be combined there- 
with. For example, low resistivity metals such as alumi- 
num may be used when electron injection efficiency is 
of importance. Metal compounds such as TiN may be 
used when sealing is of importance. 
[0048] The thickness of the electron injecting elec- 
trode and the auxiliary electrode combined is usually 
about 50 to about 500 nm though it is not critical. 
[0049] The light emitting layer is a thin film of an or- 
ganic compound participating in light emission or a mul- 
tilayer film of two or more organic compounds partici- 
pating in light emission. 

[0050] The light emitting layer has the functions of in- 
jecting holes and electrons, transporting them, and re- 
combining holes and electrons to create excitons. It is 
preferred that relatively electronically neutral com- 
pounds be used in the light emicting layer so that elec- 
tron and holes may be readily injected and transported 
in a well-balanced manner. 

[0051] In addition to the light emitting layer of the nar- 
row definition, the light emitting layer may optionally in- 
clude layers of organic materials such as a hole trans- 
porting layer and an electron injecting and transporting 
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layer. 

[0052] The optional hole transporting layer has the 
functions of facilitating injection of holes from the inor- 
ganic insulating hole injecting and transporting layer, 
transporting holes stably, and blocking electrons. The 
optional electron injecting and transporting layer has the 
functions of facilitating injection of electrons from the 
electron injecting electrode, transporting electrons sta- 
bly, and blocking holes. These layers are effective 1or 
increasing the number o1 holes and electrons injected 
into the light emitting layer and confining holes and elec- 
trons therein for optimizing the recombination region to 
improve light emission efficiency. 
[0053] The thicknesses of the light emitting layer, the 
hole transporting layer, and the electron injecting and 
transporting layer are not critical and vary with a partic- 
ular formation technique although their thickness is usu- 
ally preferred to range from about 5 nm to about 500 
nm, especially from about 10 nm to about 300 nm. 
[0054] The thickness of the hole transporting layer 
and the electron injecting and transporting layer is equal 
to or ranges from about 1/10 times to about 1 0 times the 
thickness of the light emitting layer although it depends 
on the design of a recombination/light emitting region. 
When the electron injecting and transporting layer is di- 
vided into an injecting layer and a transporting layer, 
preferably the injecting layer is at least 1 nm thick and 
the transporting layer is at least 1 nm thick. The upper 
limit of thickness is usually about 500 nm for the injecting 
layer and about 500 nm for the transporting layer. The 
same film thickness applies when two injecting/trans- 
porting layers are provided. 

[0055] The light emitting layer of the organic EL de- 
vice of the invention contains a fluorescent material that 
is a compound having a light emitting capability. The flu- 
orescent material may be at least one member selected 
from compounds as disclosed, for example, in JP-A 
264692/1 988, such as quinacridone, rubrene, and styryl 
dyes. Also, quinoline derivatives such as metal complex 
dyes having 8-quinolinol or a derivative thereof as the 
ligand such as tris(8-quinolinolato)aluminum are includ- 
ed as well as tetraphenylbutadiene, anthracene, peryl- 
ene, coronene, and 1 2-phthaloperinone derivatives. 
Further useful are the phenylanthracene derivatives de- 
scribed in JP-A 1 2600/1 996 and the tetraarylethene de- 
rivatives described in JP-A 12969/1996. 
[0056] It is preferred to use such a compound in com- 
bination with a host material capable of light emission 
by itself, that is, to use the compound as a dopant. In 
this embodiment, the content of the compound in the 
light emitting layer is preferably 0.01 to 10% by weight, 
especially 0.1 to 5% by weight. By using the compound 
in combination with the host material, the light emission 
wavelength of the host material can be altered, allowing 
light emission to be shifted to a longer wavelength and 
improving the luminous efficacy and stability of the de- 
vice. 

[0057] As the host material, quinolinolato complexes 



are preferable, with aluminum complexes having 8-qui- 
noiinol or a derivative thereof as the ligand being more 
preferable. These aluminum complexes are disclosed 
in JP-A 264692/1988, 255190/1991, 70733/1993, 
5 258859/1993 and 21 5874/1994. 

[0058] Illustrative examples include tris(8-quino- 
linolato)aluminum, bis(8-quinolinolato)magnesium, bis 
(benzo{/}-8-quinolinolato)zinc, bis(2-methyl-8-quino- 
linolato)aluminum oxide, tris(8-quinolinolato)indium, tris 
10 (5-methyl-8-quinolinolato)aluminum, 8-quinolinolato- 
lithium, tris(5-chloro-8-quinoiinolato)gallium, bis(5-chlo- 
ro-8-quinolinolato)calcium, 5,7-dichloro-8-quinolinola- 
toaluminum, tris(5,7-dibromo-8-hydroxyquinolinolato) 
aluminum, and poly[zinc(ll)-bis(8-hydroxy-5-quinolinyl) 
15 methane]. 

[0059] Also useful are aluminum complexes having 
another ligand in addition to 8-quinolinol or a derivative 
thereof. Examples include bis(2-methyl-8-quinolinolato) 
(phenolato)aluminum(lll), bis(2-methyl-8-quinolinolato) 
20 (orthocresolato)aluminum(lll), bis(2-methyl-8-quino- 
linolato) (metacresolato)aluminum(lll), bis(2-methyl- 
8-quinolinolato)(paracresolato)aluminum(lll), bis(2-me- 
thyl-8-quinolinolato)(ortho-phenylphenolato)aluminum 
(III), bis(2-methyl-8-quinoltnolato) (meta-phenylpheno- 
25 lato)aluminum(IU), bis(2-methyl-8-quinolinolato) (para- 
phenylphenolato)aluminum(lll), bis(2-methyl-8-quino- 
linolato)(2,3-dimethylphenolato)aluminum(lll) 1 bis 
(2-methyl-8-quinolinolato)(2,6-dimethylphenolato)alu- 
minum(lll), bis(2-methyl-8-quinolinolato) (3,4-dimethyl- 
30 phenolato)aluminum(l II ), bis(2-methyl-8-quinolinolato) 
(3, 5-dimethylphenolato)aluminum(lll), bis(2-methyl- 
8-quinolinolato)(3,5-di-tert-butylphenolato)aluminum 
(III), bis(2-methyl-B-quinolinolato) (2,6-diphenylpheno- 
lato)aluminum(lll), bis(2-methyl-8-quinolinolato) 
35 (2,4,6-triphenylphenolato)aluminum(lll), bis(2-methyl- 
8-quinolinolato)(2,3,6-trimethylphenoIato)aluminum 
(III), bis(2-methyl-8-quinolinolato)(2,3,5,6-tetramethyl- 
phenolato)aluminum(lll), bis(2-methyl-8-quinolinolato) 
(l-naphtholato)aluminum(lll), bis(2-methyl-8-quino- 
40 linolato) (2-naphtholato)aluminum(ll I ), bis(2,4-dime- 
thyl-8-quinolinolato) (orthophenylphenolato)aluminum 
(III), bis(2,4-dimethyl-8-quinolinolato) (para-phenylphe- 
nolato)aluminum(lll), bis(2,4-dimethyl-8-quinolinolato) 
(meta-phenylphenolato)aluminum(lll), bis(2,4-dime- 
45 thyl-8-quinolinolato) (3,5-dimethylphenolato)aluminum 
(III), bis(2,4-dimethyl-8-quinolinolato) (3,5-di-tert-butyl- 
phenolato)aluminum(lll), bis(2-methyl-4-ethyl-8-quino- 
linolato) (para-cresolato)aluminum(lll), bis(2-methyl- 
4-methoxy-8-quinolinolato)(para-phenylphenolato)alu- 
so minum(lll), bis(2-methyl-5-cyano-8-quinolinolato)(or- 
tho-cresolato)aluminum(lll). and bis(2-methyl-6-trifluor- 
omethyl-8-quinolinolato)(2-naphtholato)aluminum(lll). 
[0060] Also acceptable are bis(2-methyl-8-quino- 
linolato)aluminum(lll)-|i-oxo-bis(2-methyl-8-quino- 
55 |inolato)aluminum (III), bis(2,4-dimethyl-8-quinolinola- 
to)aluminum(lll)-^i-oxo-bis(2,4-dimethyl-8-quinolinola- 
to)aluminum(lll), bis(4-ethyl-2-methyl-8-quinolinolato) 
aluminum(lll)-M-oxo-bis(4-ethyl-2-methyl-8-quino- 
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linolato)aluminum(lll), bis(2-methyl-4-methoxyquino- 
linolato)alumjnum(lll)-|i-oxo-bis(2-methyl-4-methoxy- 
quinolinolato)aluminum(lll). bis(5-cyano-2-methyl- 
8-quinolinolato)aluminunn(lll)-|i-oxo-bis(5-cyano-2-me- 
thyl-e-quinolinolato)aluminum(HI), and bis(2-methyl- 
5-trifluoromethy!-8^uinolino!ato)alumjnum(lll)-^-oxo- 
bis(2-methyl-5-trifluoromethyl-8-quino)inolato)alumi- 
num(lll). 

[0061] Other useful host materials are the phenylan- 
thracene derivatives described in JP-A 12600/1 996 and 
the tetraarylethene derivatives described in JP-A 
12969/1996. 

[0062] The light emitting layer may also serve as the 
electron injecting and transporting layer. In this case, tris 
(8~quinolinolato)aluminum etc. are preferably used. 
These fluorescent materials may be evaporated. 
[0063] Also, if necessary, the light emitting layer may 
also be a layer of a mixture of at least one hole injecting 
and transporting compound and at least one electron 
injecting and transporting compound, in which a dopant 
is preferably contained. In such a mix layer, the content 
of the compound is preferably 0.01 to 20% by volume, 
especially 0.1 to 15% by volume. 
[0064] In the mix layer, carrier hopping conduction 
paths are created, allowing carriers to move through a 
polarly predominant material while injection of carriers 
of opposite polarity is rather inhibited, and the organic 
compound becomes less susceptible to damage, result- 
ing in the advantage of an extended device life. By in- 
corporating the aforementioned dopant in such a mix 
layer, the light emission wavelength the mix layer itself 
possesses can be altered, allowing light emission to be 
shifted to a longer wavelength and improving the lumi- 
nous intensity and stability of the device. 
[0065] The hole injecting and transporting compound 
and electron injecting and transporting compound used 
in the mix layer may be selected from compounds for 
the hole transporting layer and compounds for the elec- 
tron injecting and transporting layer to be described lat- 
er, respectively. Inter alia, the compound for the hole 
transporting layer is preferably selected from amine de- 
rivatives having strong fluorescence, for example, 
triphenyldiamine derivatives which are hole transporting 
materials, styrylamine derivatives and amine deriva- 
tives having an aromatic fused ring. 
[0066] The electron injecting and transporting com- 
pound is preferably selected from quinoline derivatives 
and metal complexes having 8-quinolinol or a derivative 
thereof as a ligand, especially tris(8-quinolinolato)alu- 
minum (Alq3). The aforementioned phenylanthracene 
derivatives and tetraarylethene derivatives are also 
preferable. 

[0067] For the hole transporting layer, amine deriva- 
tives having intense fluorescence are useful, for exam- 
ple, the triphenyldiamine derivatives, styrylamine deriv- 
atives, and amine derivatives having an aromatic fused 
ring, exemplified above as the hole transporting materi- 
al. 



[0068] The mix ratio is preferably determined in ac- 
cordance with the carrier density and carrier mobility. It 
is usually preferred that the weight ratio of the hole in- 
jecting and transporting compound to the electron inject- 

£ ing and transporting compound range from about 1/99 
to about 99/1 , more preferably from about 1 0/90 toabout 
90/10, especially from about 20/80 to about 80/20. 
[0069] Also preferably the thickness of the mix layer 
ranges from the thickness of a mono-molecular layer to 

10 less than the thickness of the organic compound layer, 
specifically from 1 to 85 nm, more preferably 5 to 60 nm, 
especially 5 to 50 nm. 

[0070] Preferably the mix layer is formed by a co-dep- 
osition process of evaporating the compounds from dis- 
15 tinct sources. If both the compounds have approximate- 
ly equal or very cbse vapor pressures or evaporation 
temperatures, they may be pre-mixed in a common 
evaporation boat, from which they are evaporated to- 
gether. The mix layer is preferably a uniform mixture of 
20 both the compounds although the compounds can be 
present in island form. The light emitting layer is gener- 
ally formed to a predetermined thickness by evaporating 
an organic fluorescent material or coating a dispersion 
thereof in a resin binder. 
2S [0071] In the hole transporting layer which is option- 
ally provided, there may be used various organic com- 
pounds as described, for example, in JP-A 
295695/1988, 191694/1990, 792/1991, 234681/1993, 
239455/1 993, 2991 74/1 993, 1 26225/1 995, 
30 126226/1995, and 100172/1996, and EP 0650955A1. 
Exemplary are tetraarylbenzidine compounds (triaryldi- 
amines or triphenyldiamines: TPD). aromatic tertiary 
amines, hydrazone derivatives, carbazole derivatives, 
triazole derivatives, imidazole derivatives, oxadiazole 
35 derivatives having an amino group, and polythiophenes. 
Two or more of these compounds may be used, and on 
such combined use, they may be formed as separate 
layers or mixed. The organic hole transporting layer may 
be provided if necessary, although the omission of this 
40 layer is preferable. 

[0072] In the electron injecting and transporting layer 
which is optionally provided, there may be used quino- 
line derivatives including organic metal complexes hav- 
ing 8-quinolinol or a derivative thereof as a ligand such 
as tris(8-quinolinolato)aluminum (Alq3), oxadiazole de- 
rivatives, perylene derivatives, pyridine derivatives, py- 
rimidine derivatives, quinoxaline derivatives, diphenyl- 
quinone derivatives, and nitro-substituted fluorene de- 
rivatives. The electron injecting and transporting layer 
can also serve as the light emitting layer. In this case, 
use of tris(8-quinolinolato)aluminum etc. is preferred. 
Like the light emitting layer, the electron injecting and 
transporting layer may be formed by evaporation or the 
like. 

[0073] Where the electron injecting and transporting 
layer is formed separately as an electron injecting layer 
and an electron transporting layer, two or more com- 
pounds are selected in a proper combination from the 



so 
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compounds commonly used in electron injecting and 
transporting layers. In this regard, it is preferred to stack 
layers in such an order that a layer of a compound hav- 
ing a greater electron affinity may be disposed adjacent 
the electron injecting electrode. The order of stacking 
also applies where a plurality of electron injecting and 
transporting layers are provided. 
[0074] In forming the hole transporting layer, the light 
emitting layer, and the electron injecting and transport- 
ing layer, vacuum evaporation is preferably used be- 
cause homogeneous thin films are available. By utilizing 
vacuum evaporation, there is obtained a homogeneous 
thin film which is amorphous or has a crystal grain size 
of less than 0.2 urn If the grain size is more than 0.2 
u.m, uneven light emission would take place and the 
drive voltage of the device must be increased with a sub- 
stantial drop of hole injection efficiency. 
[0075] The conditions for vacuum evaporation are not 
critical although a vacuum of 1 0r 4 Pa or lower and a dep- 
osition rate of about 0.01 to 1 nm/sec. are preferred. It 
is preferred to successively form layers in vacuum be- 
cause the successive formation in vacuum can avoid 
adsorption of impurities on the interface between the 
layers, thus ensuring better performance. Also, the drive 
voltage of a device can be reduced and the development 
and growth of dark spots be restrained. 
[0076] In the embodiment wherein the respective lay- 
ers are formed by vacuum evaporation, where it is de- 
sired for a single layer to contain two or more com- 
pounds, preferably boats having the compounds re- 
ceived therein are individually temperature controlled to 
achieve co-deposition. 

[0077] Further preferably, a shield plate may be pro- 
vided on the device in order to prevent the organic layers 
and electrodes from oxidation. In order to prevent the 
ingress of moisture, the shield plate is attached to the 
substrate through an adhesive resin layer for sealing. 
The sealing gas is preferably an inert gas such as argon, 
helium, and nitrogen. The inert gas should preferably 
have a moisture content of less than 100 ppm t more 
proferably less than 10 ppm, especially less than 1 ppm. 
The lower limit of the moisture content is usually about 
0.1 ppm though not critical. 

[0078] The shield plate is selected from plates of 
transparent or translucent materials such as glass, 
quartz and resins, with glass being especially preferred. 
Alkali glass is preferred because of economy although 
other glass compositions such as soda lime glass, lead 
alkali glass, borosilicate glass, aluminosilicate glass, 
and silica glass are also useful. Of these, plates of soda 
glass without surface treatment are inexpensive and 
useful. Metal plates and plastic plates may also be used 
as the shield plate. 

[0079] Using a spacer for height adjustment, the 
shield plate may be held at a desired height over the 
layer structure. The spacer may be formed from resin 
beads, silica beads, glass beads, and glass fibers, with 
the glass beads being especially preferred. Usually the 



spacer is formed from particles having a narrow particle 
size distribution while the shape of particles is not criti- 
cal. Particles of any shape which does not obstruct the 
spacer function may be used. Preferred particles have 

s an equivalent circle diameter of 1 to 20 u.m, more pref- 
erably 1 to 10 um, most preferably 2 to 8 u.m. Particles 
of such diameter should preferably have a length of less 
than about 1 00 |im. The lower limit of length is not critical 
although it is usually equal to or more than the diameter. 

10 [0080] When a shield plate having a recess is used, 
the spacer may be used or not. When used, the spacer 
should preferably have a diameter in the above-de- 
scribed range, especially 2 to 8 u.m. 
[0081] The spacer may be premixed in a sealing ad- 

is hesive or mixed with a sealing adhesion at the time of 
bonding. The content of the spacer in the sealing adhe- 
sive is preferably 0.01 to 30% by weight, more prefera- 
bly 0.1 to 5% by weight. 

[0082] Any of adhesives which can maintain stable 
20 bond strength and gas tightness may be used although 
UV curable epoxy resin adhesives of cation curing type 
are preferred. 

[0083] In the organic EL structure of the invention, the 
substrate may be selected from amorphous substrates 

25 of glass and quartz and crystalline substrates of Si, 
GaAs, ZnSe, ZnS, GaP, and InP, for example. If desired, 
buffer layers of crystalline materials, amorphous mate- 
rials or metals may be formed on such crystalline sub- 
strates. Metal substrates including Mo, Al, Pt, Ir, Au and 

30 pd are also useful. Of these, glass substrates are pref- 
erably used. Since the substrate is often situated on the 
light exit side, the substrate should preferably have a 
light transmittance as described above for the electrode. 
[0084] A plurality of inventive devices may be arrayed 

35 on a plane. A color display is obtained when the respec- 
tive devices of a planar array differ in emission color. 
[0085] The substrate may be provided with a color fil- 
ter film, a fluorescent material-containing color conver- 
sion film or a dielectric reflecting film for controlling the 

40 color of light emission. 

[0086] The color filter film used herein may be a color 
filter as used in liquid crystal displays and the like. The 
properties of a color filter may be adjusted in accordance 
with the light emission of the organic EL device so as to 

45 optimize the extraction efficiency and color purity. 
[0087] It is also preferred to use a color filter capable 
of cutting external light of short wavelength which is oth- 
erwise absorbed by the EL device materials and fluo- 
rescence conversion layer, because the light resistance 

so and display contrast of the device are improved. 

[0088] An optical thin film such as a multilayer dielec- 
tric film may be used instead of the color filter. 
[0089] The fluorescence conversion filter film is to 
convert the color of light emission by absorbing electro- 

55 luminescence and allowing the fluorescent material in 
the film to emit light. It is formed from three components: 
a binder, a fluorescent material, and a light absorbing 
material. 
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[0090] The fluorescent material used may basically 
have a high fluorescent quantum yield and desirably ex- 
hibits strong absorption in the electroluminescent wave- 
length region. In practice, laser dyes are appropriate. 
Use may be made of rhodamine compounds, perylene 
compounds, cyanine compounds, phthalocyanine com- 
pounds (including sub-phthalocyanines), naphthalimide 
compounds, fused ring hydrocarbon compounds, fused 
heterocyclic compounds, styryl compounds, and cou- 
marin compounds. 

[0091] The binder is selected from materials which do 
not cause extinction of fluorescence, preferably those 
materials which can be finely patterned by photolithog- 
raphy or printing technique. Also, where the filter film is 
formed on the substrate so as to be contiguous to the 
hole injecting electrode, those materials which are not 
damaged during deposition of the hole injecting elec- 
trode (such as ITO or IZO) are preferable. 
[0092] The light absorbing material is used when the 
light absorption of the fluorescent material is short, and 
may be omitted if unnecessary. The light absorbing ma- 
terial may also be selected from materials which do not 
cause extinction of fluorescence of the fluorescent ma- 
terial 

[0093] The organic EL device of the invention is gen- 
erally of the dc or pulse drive type. The applied voltage 
is generally about 2 to 30 volts. 

EXAMPLE 

[0094] Examples of the invention are given below by 
way of illustration. 

Example 1 

[0095] A substrate of (7059) glass by Corning Glass 
Works was scrubbed using a neutral detergent. 
[0096] By RF magnetron sputtering from a target of 
ITO oxide, a hole injecting electrode layer of ITO having 
a thickness of 200 nm was formed on the substrate at 
a temperature of 250°C. 

[0097] After its ITO electrode-bearing surface was 
cleaned with UV/0 3 , the substrate was secured by a 
holder in a sputtering chamber, which was evacuated to 
a vacuum of 1x1 0" 4 Pa or lower. 
[0098] Using a target of S0 2 , an inorganic insulating 
hole injecting and transporting layer was deposited to a 
thickness of 0.9 nm. The sputtering gas used was 100 
seem of Ar and 1 seem of 0 2 . Sputtering conditions in- 
cluded a substrate temperature of 25°C, a deposition 
rate of 1 nrn/min., an operating pressure of 0.3 Pa, and 
an input power of 5 W/cm 2 . The hole injecting layer as 
deposited had a composition of Si0 2 01 containing 0.2% 
by weight of Ar. 

[0099] With the vacuum kept, N,N,N\N'-tetrakis(m-bi- 
phenyl)-1,r-biphenyl-4,4'-diamine (TPD), tris(8-quino- 
(inolato)aluminum (Alq3), and rubrene were evaporated 
at an overall deposition rate of 0.2 nm/sec. toa thickness 



16 

of 100 nm, forming a light emitting layer. The layer con- 
sisted of a mixture of TPD and Alq3 in a weight ratio of 
1:1 doped with 10 vol% of rubrene. 
[0100] Furthermore, with the vacuum kept, tris(8-qui- 

5 nolinolato)aluminum (Alq3) was evaporated at a depo- 
sition rate of 0.2 nm/sec. to a thickness of 30 nm, forming 
a electron injecting and transporting layer. 
[0101] With the vacuum kept, AlLi (Li 7 at%) was 
evaporated to a thickness of 1 nm, and Al was succes- 

io sively evaporated to a thickness of 200 nm to form an 
electron injecting electrode and an auxiliary electrode, 
respectively. Finally, a glass shield was sealed to the 
layer structure to complete an organic EL device. 
[01 02] An electric field was applied across the organic 

*5 EL device in air, which exhibited diode characteristics. 
When biased to be positive on the ITO side and negative 
on the AlLi side, the current flow increased as the volt- 
age increased. A distinct light emission was observed 
in an ordinary room. When the device was repeatedly 

20 operated for light emission, no drop of luminance oc- 
curred. 

[0103] Next, by an accelerated test of driving the de- 
vice at room temperature (25°C) and a constant current 
of 1 00 mA/cm 2 , the device was examined for luminance 

25 of light emission and life. This organic EL device had an 
initial luminance of 5000 cd/m 2 . On time-division driving, 
the device produced light emission with a sufficient lu- 
minance, indicating the possibility of multi-gradation (or 
variable contrast) driving. This organic EL device main- 

30 tained more than 60% of the initial luminance even after 
300 hours of continuous operation. In the organic EL de- 
vice of the present invention, neither leakage nor dark 
spots were found. 

35 Example 2 

[0104] Organic EL devices were prepared as in Ex- 
ample 1 except that in the step of depositing the inor- 
ganic insulating hole injecting and transporting layer, the 
flow rate of 0 2 in the sputtering gas and the pressure 
were changed. The resulting layers had the composi- 
tions SiO 2 08 , Si0 21 , and Si0 22 . When the devices 
were examined for luminance of light emission and life, 
there were obtained approximately equivalent results to 
Example 1. The contents of Ar in these samples were 
in the range of 0.05 to 1 .5% by weight. 
[0105] Also when the composition of the inorganic in- 
sulating hole injecting and transporting layer in Example 
1 was changed from SiO 208 to GeO 208 with 1.0% by 
weight of Ar or Si 0 5 Ge 0 5 O 2 08 with 1.2% by weight of 
Ar, the results were equivalent to those of Example 1 . 
Also, when the composition of the inorganic insulating 
hole injecting and transporting layer was changed from 
SiO 2 08 to Ge0 21 with 0.8% by Weight of Ar or 
sl o.5 Ge o.5°2.i with 0.8% by weight of Ar, the results 
were equivalent to those of Example 1 . When the sput- 
tering gas was changed from argon to krypton or xenon, 
similar results were obtained. 
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Example 3 

[0106] An organic EL device was prepared as in Ex- 
ample 1 except that in the step ot depositing the inor- 
ganic insulating hole injecting and transporting layer, the 
flow rates ot the sputtering gases were changed to 40 
seem of Ar and 60 seem of 0 2 , and the pressure was 
0.4 Pa. The resulting layer had the composition SiOj 9 
containing 0.08% by weight of Ar. The device was ex- 
amined for luminance of light emission and life. When 
driven at a constant current of 100 mA/cm 2 , this device 
showed an initial luminance of 4800 cd/m 2 and the life 
performance was approximately equal to Example 1 . 

Comparative Example 1 

[0107] An organic EL device was prepared as in Ex- 
ample 1 except that instead of the inorganic insulating 
hole injecting and transporting layer, a hole injecting lay- 
er was formed by evaporating polythiophene at a dep- 
osition rate of 0.1 nm/sec. to a thickness of 10 nm, and 
a hole transporting layer was formed by evaporating 
TPD at a deposition rate of 0.1 nm/sec. to a thickness 
of 20 nm. The device was examined for luminance of 
light emission and life. 

[0108] This organic EL device deteriorated to less 
than 60% of the initial luminance within 300 hours of op- 
eration. Current leakage and dark spots were observed. 

Comparative Example 2 

[0109] An organic EL device was prepared as in Ex- 
ample 1 except that the composition of the inorganic in- 
sulating hole injecting and transporting layer was 
changed to SiO t 6 . The device was examined for lumi- 
nance of light emission and life. 
[0110] When driven at a constant current density of 
100 mA/cm 2 , this organic EL device showed an initial 
luminance of 1500 cd/m 2 and a luminance half-life of 
less than 200 hours. 

Comparative Example 3 

[0111] An organic EL device was prepared as in Ex- 
ample 1 except that the composition of the inorganic in- 
sulating hole injecting and transporting layer was 
changed to Si0 2 6 . The device was examined for lumi- 
nance of light emission and life. 
[0112] This organic EL device showed an initial lumi- 
nance of just 500 cd/m 2 , which was below the practical 
level. 

Comparative Example 4 

[0113] A hole injecting electrode layer of ITO was 
formed on the substrate as in Example 1 . 
[0114] After its ITO electrode-bearing surface was 
cleaned with UV/0 3 , the substrate was secured by a 



holder in a vacuum deposition chamber, which was 
evacuated to a vacuum of 1X10" 4 Pa or lower. 
[0115] With the vacuum kept, NXN'.N'-tetrakis^-bi- 
phenyl)-1,1'-biphenyl-4,4'-diamine (TPD), tris(8-quino- 

5 linolato)aluminum (Alq3), and rubrene were evaporated 
at an overall deposition rate of 0.2 nm/sec. to a thickness 
of 100 nm, forming a light emitting layer. The layer con- 
sisted of a mixture of TPD and Alq3 in a weight ratio of 
1:1 doped with 10 vol% of rubrene. 

10 [0116] With the vacuum kept, AILi (Li 7 at%) was 
evaporated to a thickness of 1 nm, and Al was succes- 
sively evaporated to a thickness of 200 nm to form an 
electron injecting electrode and an auxiliary electrode, 
respectively. Finally, a glass shield was sealed to the 

is layer structure to complete an organic EL device having 
only the light emitting layer. 

[011 7] When this organic EL device was examined as 
in Example 1 , it showed an initial luminance of 3000 cd/ 
m 2 at a constant current of 1 00 mA/cm 2 , but a luminance 
20 half-life of less than 5 minutes. 

BENEFITS OF THE INVENTION 

[011 8] As seen from the foregoing description, the in- 
25 vention provides an organic EL device which can take 
advantage of both organic and inorganic materials, and 
has an extended effective life, an improved efficiency, a 
bw operating voltage and a low cost. 
[0119] Also, the organic EL device of the invention can 
30 provide a high luminance of light emission especially 
when applied to displays of the time-division drive mode 
and thus can realize large screen, high definition dis- 
plays. 



35 



Claims 



1 . An organic electroluminescent device comprising a 
hole injecting electrode, an electron injecting elec- 

40 trode, at least one organic layer between the elec- 
trodes, and an inorganic insulating hole injecting 
and transporting layer between said hole injecting 
electrode and said organic layer wherein 

said inorganic insulating hole injecting and 

45 transporting layer contains silicon oxide and/or ger- 
manium oxide as a main component, the main com- 
ponent being represented by the formula: 



so 



55 



(Sii. x Ge x )O y 

wherein 0 £ x S 1 and 1.8 £ y £ 2.5 : and further 
contains 0.01 to 2% by weight of at least one ele- 
ment selected from the group consisting of argon, 
krypton, xenon, and neon. 

2. The organic electroluminescent device of claim 1 
wherein said inorganic insulating hole injecting and 
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transporting layer has a thickness of 0.1 to 3 nm. 
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FIG. 2 
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(54) Organic electroluminescent device 

(57) An organic EL device has a hole injecting elec- 
trode, an electron injecting electrode, at least one or- 
ganic layer between the electrodes, and an inorganic 
insulating hole injecting and transporting layer between 
the hole injecting electrode and the organic layer. The 
inorganic insulating hole injecting and transporting layer 
contains silicon oxide and/or germanium oxide as a 
main component, the main component being represent- 



ed by (Si^Ge^Oy wherein 0 ^ x ^ 1 and 1.8 £ y £ 
2.5, and further contains 0.01 to 2% by weight of at least 
one element selected from among Ar, Kr, Xe, and Ne. 
The device has the advantages of both organic and in- 
organic materials, a long lifetime, improved efficiency, 
low operating voltage, and low cost, and can provide a 
high luminance of light emission when applied to dis- 
plays of the time-division driving mode, and realize large 
screen, high definition displays. 
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